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Abstract
o-Aminophenol (2-hydroxy aniline) is an important intermediate for the manufacture of dyes, drugs and pesticides. It is manufactured by catalytic liquid phase hydrogenation of o-nitrophenol. The most commonly used catalysts for the hydrogenation process are Raney nickel and supported palladium (mostly palladium on activated carbon). Although, a number of studies have been reported for the hydrogenation of o-nitrophenoi on Raney-nickel with, various promoters, no detailed investigation on the effect of preparation conditions and ageing (or storage) conditions of Raney-nickel on the hydrogenation has been reported so far. It is therefore, interesting to study the influence of preparation and ageing parameters on the hydrogenation activity of Raney-nickel in the hydrogenation of o-nitrophenol. Supported palladium (particularly Pd on activated carbon) is commonly used in the low pressure hydrogenation of nitro groups in aromatic compounds A few studies have been reported on the hydrogenation of o-nitrophenol on, palladium catalyst. However, no detailed investigation covering the effect of reaction medium (or solvent), Pd loading on carbon and various mass transfer processes (viz. gas-liquid, liquid-solid, and intraparticle mass transfer) on the hydrogenation process has been reported. Also no studies involving detailed kinetic modelling of the hydrogenation reaction, adsorption of reaction species on Pd-carbon and catalyst poisoning have been reported so far. The present investigation was undertaken with the following objectives: To study the effect of the leaching conditions (viz. type of alkali, alkali concentration, temperature and duration of leaching) and washing agent (viz. tap water, deionised distilled water, 50% ethanol, and 95% ethanol) in the preparation of Raney nickel on its surface properties and catalytic activity in the hydrogenation of o-nitrophenol. To study the effect of storage conditions of Raney nickel (viz. liquid medium, temperature, gas atmosphere and storage period) on the hydrogenation process. To study the effect of solvent (C1.-C.3, alcohols) and concentration of Pd in Pd-activated carbon catalyst on the hydrogenation process. To study in details the effects of the gas-liquid, liquid-solid and intraparticle mass transfer processes on the hydrogenation on Pdcarbon. To collect extensive kinetic data on the hydrogenation on Pd-carbon in chemical controlled regime and develop a kinetic model which can form a basis for a rational design of the catalytic reactor for the hydrogenation process. To collect the data on the solubility of hydrogen in the reaction medium (used for the hydrogenation process) containing reaction species. The data is required for kinetic analysis. To study the adsorption of reaction species of the hydrogenation (viz. o-nitrophenol, o-aminophenol and water) on the Pd-carbon catalyst at reaction conditions. To study the poisoning of Pd-carbon by sulfur, chloro and heavy metal compounds in the hydrogenation of o-nitrophenol. The H2-solubility measure mems and the catalytic hydrogenation reaction were carried out in a high pressure stirred three phase reactor (Parr Autoclave). 
The thesis has been divided into the following three parts. 
PART I:SOLUBILITY OF HYDROGEN IN METHANOL CONTAINING REACTION SPECIES FOR HYDROGENATION OF o-NITROPHENOL 
The solubility of hydrogen in pure methanol (which has been found to be the best reaction medium for the hydrogenation reaction) and the methanol containing the reaction species [viz. o-nitrophenoJ (ONP), o-aminophenol (OAP) and water], individual and their mixtures at the concentrations, H2-pressures (439-2l43 kPa) and temperatures (293-328 K) involved, in the hydrogenation has been determined. The solubility data for all the systems were found to follow the Henry's law. The dissolution of hydrogen was found to be an endothermic process. The solubility (s) of H2 in methanoi at all pressures and temperatures was found to be decreased due to the presence of reaction species in the following order. s(pure methanol) > s[o-nitrophenol(0.36 mol.dm-3 ) in methanol] > s[o-a minopheno 1(0.36 mol.dm-3 ) in methanol]. However, the addition of water to the methanol-OAP and methanol-ONP-OAP systems causes an increase in the solubility. Nevertheless, an addition of either of the reaction species or their mixture reduces the solubility of H2 in methanol. 
PART II HYDROGENATION OF o-NITROPHENOL ON RANEY-NICKEL 
Effect of Preparation Conditions of Raney-Ni Effect of the leaching conditions, such as type of alkali, alkali concentration, temperature and duration of leaching and the nature of the washing agent (tap water, distilled water, deionised distilled water, 50% ethanol, 95% ethanol) on the surface properties (such as surface area and crystal size) and catalytic activity (in the hydrogenation of o-nitrophenol at 308 K and H2-pressure of 1508 kPa) of Raney-Ni has been studied and the optimum conditions for the preparation of Raney-Ni catalyst for the hydrogenation reaction have been obtained. The hydrogenation activity and surface properties of Raney-Ni are found to be strongly influenced by its preparation conditions. The optimum preparation conditions for the Raney-Ni catalyst having the maximum activity for the hydrogenation are as follows: concentration of aqueous NaOH = 3.75 mol.dm-3 , leaching temperature = 358 K, duration of leaching = 8 hr, washing agent = deionised distilled water. Effect of Ageing of Raney-Ni Effect of different storage conditions (viz. liquid medium, temperature, gas atmosphere and period) on the hydrogenation activity of Raney-Ni has been studied. It is found that the hydrogenation activity of Raney-Ni depends on the net effect produced by the above storage parameters. The effect of the various ageing conditions on the catalytic activity of Raney-Ni in the hydrogenation is as follows: (i) When the catalyst is stored in distilled deionised water under H2 atmosphere either at room temperature or in the refrigerator, its hydrogenation activity increases and passes through a maximum with the increase in the storage period. (ii) When the catalyst is stored in 95% ethanol under H2, its hydrogenation activity increases with the increase in the storage period. (iii) The catalyst stored under H2 atmosphere and/or at room temperature have higher activity than that stored under air and/or in refrigerator. iv) The catalyst stored in deionised distilled water has higher activity than that stored in 95% ethanol and 5% aqueous NaOH. The catalyst prepared at the optimum conditions gave the maximum catalytic activity when it was stored in deionised distilled water under H2 atmosphere at room temperature for a period of 140 hr. PART III : HYDROGENATION OF o-NITROPHENOL ON Pd-CARBQN Effect of Concentration of Pd in Pd-carbon and of Solvent on the Hydrogenation The hydrogenation activity of Pd-carbon (measured at 308?K and H2 pressure of 2163 kPa) was found to be increased with the increase in the concentration of Pd (which was varied from 0.2 to 4.62 wt %) on carbon. All the further studies (except the catalyst poisoning studies) were carried out using the Pd-carbon containing 4.62 wt % Pd. The effect of reaction medium (viz. methanol, ethanol and npropanol) on the hydrogenation of o-nitrophenol has also been studied at 308 K and H2-pressure of 2163 kPa. The order of preference of the alcohols as a reaction medium has been found to be as follows: 
Methanol > Ethanol > n-Propanol Adsorption of Reaction Species on Pd-Carbon at Reaction Conditions Adsorption isotherms for the single and muitico mponent adsorption of the reaction species (viz. o-nitrophenoi, o-a minophenol and water) from their methanol solution on the Pd-carbon have been measured at the temperature (278-308 K) at which the catalytic hydrogenation reaction is carried out. The single and binary adsorption data could be fitted to Langmuir type adsorption equations. Influence of Mass Transfer on the Hydrogenation In order to collect the hydrogenation rate data in a chemical control regime (which is essential for kinetic modeling of any catalytic process), the influence of gas-liquid, liquid-solid and intra particle mass transfer processes on the hydrogenation reaction rate has been investigated in details. The occurrence of the reaction in the chemical control regime was confirmed by comparing the maximum rates of both the gas-liquid mass transfer (determined from the gas-liquid mass transfer coefficient obtained experimentally in the absence of the reaction by measuring the rate of absorption of H2 in methanol at different stirring speeds in the reactor) and liquid-solid mass transfer (determined from the liquid-solid mass transfer coefficient estimated from the liquid-solid mass transfer correlation) with the observed maximum reaction rate, and also by studying the effect of stirring speed, catalyst loading and catalyst particle size on the reaction rate at the maximum temperature and concentration of o-nitrophenol. The hydrogenation process was found to be in the chemical control regime at the following reaction conditions: concentration of o-nitrophenol < 0.36 mol.dm-3, temperature < 328 K, _3 catalyst particle size <: 45 ? m , catalyst loading <: 1.0 g.d m-3 , stirring speed > 850 rpm. The effective diffusivity of the catalyst during catalysis was determined from the knowledge of the catalyst effectiveness factor measured experimentally. Kinetic Modelling of the Hydrogenation Reaction has been collected An extensive kinetic data /_on the hydrogenation of o-nitrophenoi on Pd-carbon (4.62 wt.% Pd) in chemical control regime at different initial concentrations of o-nitrophenoi (0.072-0.36 mol.dm-3 ), H2-pressures (445-1463 kPa) and temperatures (293-328 K) using methanol as a reaction medium. The hydrogenation rate data at all the temperatures could be fitted well to the following Hougen-Watson (Langmuir type) rate model based on the mechanism involving single site molecular adsorption of ail the reaction species and the overall hydrogen process controlled by the surface reaction, 
r= k K N K H 3 C N C H 3_______ (1+ KNCN + KHCH + KACA + KWCW)4 where, r is the reaction rate; CN, concentration of o-nitrophenoi; CH, concentration of hydrogen: KN, o-nitrophenol adsorption constant; KH, hydrogen adsorption constant; K. , o-aminophenol adsorption constant; Kw , water adsorption constant; and k, surface reaction rate constant. The activation energy for the hydrogenation reaction has been determined . Analysis of initial rate data was also done. 

Poisoning of Pd-Carbon in the Hydrogenation of o-Nitrophenol 
The poisoning effect of thiophene, dichioroethane, mercuric chloride and lead, zinc and mercuric acetates on the catalytic activity of carbon supported palladium in the hydrogenation of o-nitrophenoi (at 308 K and H2- pressure of 1508 kPa) has been investigated in three phase stirred slurry reactor. Among the poisons, the mercuric acetate was found to be the most potent poison. The hydrogenation activity of the catalyst is correlated with the poison concentration by the following expressions. 
For poisoning by thiophene, dichloroethane and Pb-acetate; 
a C p r o - r p = f5 b r o - r p 1- f5 a C p For poisoning by Hg(II) acetate and chloride and Zn acetate, 
rp = ro < ? 1 f0 , C n fs16 p ) where, ro and rp are the initial hydrogenation rates for the unpoisoned and poisoned catalysts, respectively; C , the concentration of poisons; and ?, ?', ? and n , the poisoning parameters. 


